Background: During spermatogenesis, the H2B family, member W (H2B.W) gene, encodes a testis specific histone that is co-localized with telomeric sequences and has the potential role to mediate the sperm-specific chromatin remodeling. Previously H2B.W genetic variants were reported to be involved in susceptibility to spermatogenesis impairment. In the present study, two single nucleotide polymorphisms (SNPs) in 5΄UTR and exon 1 of H2B.W gene were examined to investigate possible association of these polymorphisms with male infertility in Iranian population.
Introduction
One of the most common causes of male infertility is impaired spermatogenesis. It is an intricate, temporal process whereby adult stem cells either self-renew or generate daughter cells that are transformed into a specialized testicular spermatozoon (1) (2) (3) .
Dramatic chromatin remodeling and chromosomes rearrangement can occur during spermatogenesis. These structural alterations are involved in the normal formation of sperm pronuclei that subsequently ensure the successful fertilization.
Telomeric sequences play an important role in the reorganization and integration of sperm chromosomes (4, 5) . They also conduct proper arrangement and separation of chromosomes during cell division, mitosis and meiosis (6, 7) . Probably migration of telomeric chromatin to the cell membrane during spermatogenesis establishes unique architecture in the human sperm nucleus that are important in early chromatin remodeling at fertilization and early stages of fetal development (8) (9) (10) (11) (12) (13) (14) .
To fulfill these roles, some features clearly distinguish telomeres of somatic cells with sperm. For example, unlike other mammals, 10-15% of the histones remain in human sperm (15) (16) (17) . It is assumed that the remaining histones in human sperm tag specific genes for early expression in embryo (18) ; however, no evidence of nucleosomal ladder has been observed yet (19, 20) . (21) (22) (23) . (24 (8, 25) .
In addition, numbers of testis-specific histone variants preferentially accumulate in telomeres

Even though this issue is not conserved, specific histone variants can organize particular regions of the genome, like telomeres, within the globally protamine-packaged sperm chromatin
The H2B family, member W (H2B.W) gene, is one of the testis specific histone variant genes located at Xq22.2. H2B.W consists of three exons and two introns, expressed in particular stage of spermatogenesis (spermiogenesis). H2B.W is also present in mature sperm (21) .
H2B.W causes chromatin fibers to resist against compaction (26) . This special structure of chromatin may explain the dynamic rearrangement of telomeres at late stages of spermatogenesis, especially telomere extension occurring within elongating spermatids (27) . This rearrangement can be a decisive factor to determine the position of telomeres in specific regions of mature sperm nucleus (28) . These evidences suggest that H2B.W may also be a epigenetic marker necessary to identify and to cause the transmission of the telomeric chromatins through generations (29) . Therefore, it is important to study the characterization of human telomere structure by H2B.W involvement to understand the mechanisms of fertilization (26) .
According to recent studies, copy number variations of H2B.W locus with other genes [plectin (PLEC), tetraspanin 7 (TSPAN7) and p21 protein (Cdc42/Rac)-activated kinase 3 (PAK3)] were found not only in men with sertoli cell only syndrome (SCOS), but also in women suffering from premature ovarian failure (POF) and XY gonadal dysgenesis. These 5 genes may imply a common genetic origin of lack of spermatogonia in the male and loss of oogonia in the female, leading to SCOS, XY gonadal dysgenesis and POF, respectively (30).
In addition, several studies indicated that genetic polymorphisms may also increase susceptibility to some forms of male infertility; for example, two recent allelic association studies on −9C>T (rs7885967) and 368A>G (rs553509) polymorphisms in H2B.W gene among different populations suggested that genetic variations of this gene could influence the susceptibility to spermatogenesis impairment (31, 32) .
In this study, two single nucleotide polymorphisms (SNPs), -9C> T and 368A> G of H2B.W gene that may interfere in spermatogenesis were investigated in 152 Iranian men with known fertility status (92 infertile men with azoospermia and severe oligozoospermia and 60 fertile men with normal spermatogenesis) using polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) technique.
Materials and Methods
Participants
In this case controlled study conducted in Royan institute, ninety-two infertile men, aged from 25 to 46 years, presenting azoospermia and severe oligozoospermia were enrolled. Comprehensive characterizations of all patients including at least two semen analyses, physical examination, chromosome analysis and molecular tests were performed. Azoospermic group (n=46) were divided into three subgroups according to their testicular biopsy including 207 H2B.W, Polymorphisms and Male Infertility patients with SCOS (n=21), complete maturation arrest (CMA, n=17) and hypo spermatogenesis (n=8). Severe oligozoospermic group (n=46) were defined with sperm count less than 5 million cells/mL.
Patients with history of cystic fibrosis, trauma, malignancies, varicocele, diabetes mellitus, hypertension, and chemotherapy were not included. Patients with Klinefelter syndrome, azoospermia factor (AZF) genes micro deletions or any identifiable cause of male infertility, including congenital bilateral absence of vas deference (CBAVD), were also excluded from the study groups by review of their records. Controls included healthy, fertile men, with at least one child within 3 years by spontaneous pregnancy and no history of miscarriage. The mean age of control group was 24 to 46 years. All donors gave an informed consent form before participation. The nationality of all groups was Iranian. All samples were collected during four-year period (2010) (2011) (2012) (2013) . This study was approved by the Ethical Committee of Royan Reproductive and Biomedicine Research Center.
DNA preparation
The genomic DNA was extracted from the peripheral blood samples of each patient using salting-out method, according to the protocol (33).
Choice of SNPs
Two SNPs in H2B.W gene that reportedly impact the impaired spermatogenesis were chosen for genotyping analysis including SNP −9C>T (rs553509) located in 5΄ un-translated region (5′UTR) and SNP 368A>G (rs7885967) with a missense mutation in exon 1 (32) , which was in contrast to National Center for Biotechnology Information (NCBI) that refers to 368G>A, according to diverse allele distribution of SNPs in different populations. The sequence of normal H2B.W gene (NC_000023) was obtained from the NCBI website: http://www.ncbi. nlm.nih.gov (Fig.1) .
Polymerase chain reaction
Amplification of a fragment containing each of these SNPs was carried out by PCR according to the protocol of Ying et al. (32) . PCR amplifications were performed in a final volume of 25 μl containing about 100 ng of extracted DNA, 200 μmol/L dNTPs, 10 pmol of each primer, 2.5 μl 10X PCR buffer, 1.5 mmol/l MgCl 2 and 1.5 U Taq polymerase (CinnaGen, Tehran, Iran). PCR reaction consisted of an initial denaturing step at 95˚C for 5 minutes followed by denaturation at 95˚C for 45 seconds; annealing at 54˚C (−9C>T) and 60˚C (368A>G), respectively, for 45 seconds; extension at 72˚C for 35 seconds for 30 cycles; and a final extra extension at 72˚C for 10 minutes. Specific primer pairs used in these reactions are shown in table 1. 
Restriction enzyme treatment
For the next step, amplified fragments were digested overnight with position specific restriction enzymes. Restriction enzyme Tsp451 was used for genotyping analysis of −9C>T and Eco911 for 368A>G loci according to the manufacturer's protocols (Fermentas, Vilnius, Lithuania).
Electrophoretic separation
Electrophoretic separation were done by 3% agarose gel which indicated 212 bp band for allele T and two bands including 182 bp and 30 bp for allele C of −9C>T locus. Also visualization of 368A>G locus suggested two bands (320 bp and 126 bp) for Allele A and one band (446 bp) for allele G. The representative results of allele analysis for 368A>G and −9C>T loci in H2B.W gene by electrophoresis were shown in figures 2 and 3, respectively.
Subsequently genotype alterations of some samples were confirmed performing direct DNA sequencing (Pishgam Biotech, Tehran, Iran). The reaction was carried out by Sanger method using ABI 3730xl capillary DNA sequencer (Fig.4) . figure) . The marker is a 50bp ladder. 
Statistical analysis
All the statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS, SPSS Inc., Chicago, IL, USA). In this study, the genotype frequencies of control and patient groups were compared using the chi-square test. The P value lower than 0.05 was set as statistically significant. A logistic regression analysis was performed to calculate the odds ratio (OR) and 95% confidence interval (95% CI) for measuring the relation of alleles and haplotypes of two SNPs with male infertility.
Results
This study investigated genetic alterations of two SNPs loci, −9C>T and 368A>G, in H2B.W gene in 92 infertile patients with azoospermia and severe oligozoospermia and 60 fertile men using a PCR-based RFLP analysis. The distribution frequencies of the two SNPs loci in azoospermic group or severe oligozoospermic subgroups and controls are listed in table 2. As shown in table 2, the frequencies of allele −9T of SNP −9C>T and allele 368G of SNP 368A>G in total patients, azoospermic and severe oligozoospermic patients, had no significant difference in contrast with controls (P>0.05).
In subgroups of azoospermia patients, the frequency of allele −9T in patients suffering from CMA was significantly higher compared with patients suffering from SCOS (P=0.015). The distribution frequencies of the two SNPs loci in azoospermic subgroups are listed in table 3. Also the allele frequency distributions between azoospermic subgroups and controls are shown in table 4.
Four kinds of haplotypes of the two SNPs (CA, TA, CG, and TG) were observed in both infertile patients and controls. Accordingly the haplotype TA compared with haplotype CA significantly increased in patients suffering from CMA, compared with men had SCOS (P=0.029). Tables 5-7 show the results of haplotypes observations. ; Azoospermia, and 3; Severe oligozoospermia. Due to the fact that H2B.W is on the X chromosome and that the subjects studied are 46, XY, there are no heterozygous men with both alleles (-9C and -9T; 368G and 368A). 
Discussion
Study mutations in human X-linked genes with a testis-specific pattern in view of male infertility are considered to be remarkable. Firstly this chromosome is enriched for genes expressed in reproduction-related tissues and secondly it is due to its hemizygous exposure in men (34) . H2B.W is a newfound X-linked gene that its characteristic and association with male infertility have been reported recently.
In this study, the prevalence of two SNPs −9C>T and 368A>G, in H2B.W genes, was conducted on a population of Iranian infertile men.
The present study showed that the frequency of −9T at the −9C>T locus was significantly higher in CMA group than in patients with SCOS ( Table  3 ), suggesting that the mutation of allele C to T in H2B.W gene might influence mRNA stability or its overall translation rate (35) that leads to arrest the maturation process of spermatids. This could also explain the expression of H2B.W gene at late stages of spermatogenesis.
As shown in table 2, in general, no significant differences are found in the frequencies of −9T allele between two groups of controls and patients, proposing that the alteration of allele C to T may be insufficient reasons for infertility in Iranian men. In contrast to previous studies, −9C>T polymorphism is associated with spermatogenic impairment in South Korean and Chinese populations (31, 32) which may be related to the following factors: environmental factors, characteristics of subjects, as well as X chromosome haplogroups in different ethnic populations.
In addition no notable association between SNP 368A>G and the risk of male infertility in Iranian population was found in this investigation. These results are similar to study on South Korean population (31) .
Finally, haplotype analysis of patient and control groups was performed in H2B.W gene. The results of haplotype analysis showed that the haplotype TA compared with haplotype CA significantly increased in patients suffering from CMA, compared with men had SCOS, suggesting that haplotype TA might arrest maturation process of spermatids during spermatogenesis. In fact patients with TA haplotype seem to be at higher risk of azoospermia caused by CMA of spermatids. Haplotype analysis in the study by Ying et al. also suggested that haplotype CA may be a protection factor from spermatogenesis disorder and haplotype TG may be a risk factor for azoospemia or oligozoospermia (32) .
Therefore, it may be suggested that SNPs −9C>T and 368A>G of H2B.W genes have no crucial roles in spermatogenic failure in the Iranian population, except those observed in patients suffering from CMA.
H2B.W, Polymorphisms and Male Infertility
To further study, it would be better to investigate the expression level of H2B.W in testis tissue of patients with −9T polymorphism, but unfortunately in our study, their tissues were not available.
Conclusion
The present study showed no significant correlation of SNPs −9C>T and 368A>G in H2B.W gene with susceptibility to spermatogenesis impairment in Iranian men, although it could be presumed that allele −9T in 5'UTR of H2B.W gene arises the risk of complete maturation arrest in azoospermic patients. Also this study indicated that haplotype CA compared to haplotype TA might be a protective factor for maturation process of spermatids. Further studies in larger size samples are needed to assessment the exact role of H2B.W gene in sperm nucleus.
